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Presentation Outline

• Introduction

– Clinical Problem

– Regeneration VS repair

• Biomaterial-induced Regenerative Medicine

• Other Methods for Inducing Regeneration
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Introduction
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Wound Healing in Adults

• A complex process initiated by injury
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Wound Healing Outcome

Depends on size and kind of injured tissues
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The Clinical Need for Regeneration

• Injured organs do not regenerate spontaneously

– Significant negative impact on the lives of millions

• Current solutions: 

– Transplantations

– Allografts

• Current solutions suffer from:

– Limited availability

– Complications
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Regenerative Medicine

• Aim: Develop treatments that can induce 

regeneration 

– change wound healing process in vivo

• Types of treatments

• Biomaterials

• Decellularized xenografts

• Small Molecules

• Stem Cells
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Tissue Engineering VS 

Regenerative Medicine

• Both attempt to solve same clinical problem

– Need to replace a damaged organ

• Tissue Engineering approach

– “Build” organ in vitro.. then implant

• Regenerative Medicine approach

– Use treatment that will change wound healing 

dynamics  body builds organ de novo itself
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Inducing Regeneration                      

Using Biomaterials
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Case Study 1: Skin Regeneration

• Medical Problem: Severe (full thickness) 

wounds do not regenerate spontaneously

• After severe burn, extensive                        

scars form
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Case Study 1: Skin Regeneration

• In the beginning (circa 1975) MDs in Shriner’s hospital 

(Boston) were looking for grafts that can quickly close 

large skin wounds

– Prevent bacteria infection in open wounds

• A team was formed between MDs (Shriner’s hospital) 

and engineers (MIT) to test various polymer-based 

grafts

– Mostly sheets made of collagen
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Case Study 1: Skin Regeneration

• Results showed that some collagen materials 
delayed wound closure… 

– MDs were not happy at all… 

• It turned out that the tissue synthesized by 
these materials consisted of normal dermis
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Case Study 1: Skin Regeneration

• Some collagen sheets could induce regeneration

– The ones that delay wound closure
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Case Study 1: Skin Regeneration

• Based on IP of this work, Integra 

Life Sciences Corp was found

• The product (DRT) is used world-

wide by burn and plastic surgeons
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Case Study 2: Peripheral Nerve 

Regeneration

15

Peripheral 

nerve injury

Induced regeneration

“Active” 

biomaterial

“Inactive” 

biomaterial

Poor regeneration

Repair

Spontaneous wound healing



Case Study 2: Peripheral Nerve 

Regeneration
• Utilize collagen conduits to connect the two stumps of 

a transected nerve and induce regeneration

– Commercially product (Neuragen) available to 

neurosurgeons
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Peripheral Nerve Wound Healing in the 

Presence of Scaffolds 
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Key Observations: Using Collagen Scaffolds 

to Induce Regeneration

• “Capsule” of contractile cells surrounds new 

nerve tissue
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Key Observations: Using Collagen 

Scaffolds to Induce Regeneration
• Wound contraction is mediated by contractile cells 

(myofibroblasts) that form macroscopic capsules and 

apply forces
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Other Methods for Inducing 

Regeneration

21



Decellularized Xenografts

• Challenge: Limited offer of human 

transplant donors

• Solution approach: 

1. Use organs harvested from animals. 

2. Remove immunogenic animal cells 

3. Fill with human cells  

4. Transplant into human patient

• Decellularized organ can be 

thought of as a very complex 

biomaterial
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Decellularized Xenografts

• Examples:
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Stem Cells

• Potency: the ability of a cell to 
differentiate into other cell types

• Stem cells: can proliferate        
or differentiate into a more 
“specialized” cell type

• Kinds:
– Totipotent

– Pluripotent (can differentiate into 
any one of 3 germ layers)

• E.g. Embryonic stem cells

– Progenitors (multi-potent)
• E.g. neural stem  cells
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Stem Cells in Regenerative medicine

• Application:

– Isolate and amplify stem cells

– Guide their differentiation (using biomaterials, cytokines, 

drugs) into cells of the injured organ

• Lots of potential.. No clinical applications yet
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Stem Cells in Regenerative medicine

• Various implementations

– SC differentiation in vitro  seed in scaffold  implant

– Seed SC in scaffold  implant  SC differentiate in vivo

• Challenges

– Isolating stem cells is hard and ethically questionable

– Control stem cell differentiation is hard and protocols are not 

known yet
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Induced Pluripotent Stem Cells (iPS)

• Isolating pluripotent SC is hard & ethically questionable

• Induced Pluripotent Stem Cells (iPS)

– Re-program differentiated cells and                                       

convert them to pluripotent SC

– Provide PS without the need                                                 

to work with embryonic SC

– Implemented by inducing                                                       

specific transcription factors

– Potentially tumourigenic!
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Summary

• Injured organs in mammals don’t regenerate 

spontaneously

• Regenerative medicine: treatments that change 

wound healing in ways that induce regeneration

• Porous collagen scaffolds can induce regeneration in 

significantly-injured skin and peripheral nerves

– Outcome depends on scaffold properties

– Regenerative ability has been attributed to reduced levels of 

stress in the wound

• Intense research seeks ways to induce regeneration in 

more organs: new biomaterials, stem cells and iPS, 

Decellularized Xenografts
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